The effect of small concentrations of impurities on the magnetic behavior of quasi-one-dimensional Heisenberg systems with a small orthorhombic anisotropy has been studied both theoretically and experimentally.
I. INTRODUCTION
In the last few years, many experimental and theoretical studies have been devoted to the influence of impurities on the behavior of magnetic systems. Especially in quasi-one-dimensional antiferrornagnetic systems, the substitution of weakly or nonmagnetic impurities at magnetic sites has been found to have rather drastic effects. ' ' One of the most pronounced features is the strong reduction of the three-dimensional ordering temperature TN. This reduction is generally explained as follows. Because of the large intrachain interaction J, the magnetic correlations along the individual chains are very well developed in the paramagnetic region, especially at lower temperatures.
Therefore, the presence of even a very small interchain coupling J' may already trigger three-dimensional long-range order. As a first approximation, it is assumed that the substitution of impurities gives risc to a decrease of the intrachain correlations, which strongly reduces the "net effect" of the interchain interactions and hence the threedimensional ordering temperature. Generally, the problem is treated theoretically by considering the interchain coupling within a meanfield approach, whereas the properties of the individual chains are calculated within the classical spin formalism. ' " Using this approach, Hone et a/. have evaluated the reduction of T~for quasi-one-dimensional systems in which the magnetic interactions are fully isotropic.
Recently it has been found' that the experimental reduction of T~in Cd-or Cu-doped {CH3)~NHMnC13 {TMMC) is significantly larger than this theoretical prediction. It was assumed that the discrepancy results from the anisotropy of dipolar interactions between the Mn++ spins, which has been sho~n"'
to give rise to an XY rather than Heisenberg-like behavior of the correlation length ( at lower temperatures in this compound. The large effect of even a small amount of anisotropy on the properties of quasi-one-dimensional magnetic systems seems to be a quite common feature, as is also evident from the peculiar behavior of their magnetic phase diagrarns. "" Therefore we thought it worthwhile to investigate in more detail the reduction of Tt"as a function of the concentration of nonmagnetic impurities in the presence of orthorhombic anisotropy.
The organization of this paper will be as follows.
In the next section we will extend thc calculations on the linear chain classical spin model including orthorhombic anisotropy" to the randomly diluted system. In Sec. III the results will be confronted with experimental data on {CH3)2NH2Cd"Mni "C13 {DMMC:Cd). Some attention will be given to the effect of substitution of Cu instead of Cd and the behavior of CsMnC13. 2H20 {CMC). The effect of dilution on the magnetic phase diagram will also be constdel ed.
II. THEORY
Given the fact that the characteristics of quasi- The values of el and )). )i) depend on JlkT, e,lkT, e~/kT, and the magnitude of the applied magnetic field.
As was already mentioned in the Introduction, the intrachain correlations largely dominate the behavior of a quasi-one-dimensional system upon dilution. In order to obtain a qualitative picture of the effect of anisotropy, we have calculated the inverse correlation length K, which for an antiferromagnetic chain can be defined by17, 18.
In Fig Ising. The drawn curves reflect the results for CMC and DMMC, using the values for the anisotropy reported in the literature. ' " Inspection of this figure shows that a small orthorhombic anisotropy, which will be present in all real systems, except when for- 
in which we used Eqs. (6) and (7). The configuration average ((sas, ')) can be obtained as follows. Let sp be a magnetic ion belonging to an arbitrary chain segment. The probability that s~is also a magnetic ion is equal to (1 -x) and hence the probability that (1). In a diluted system, however, the effective interchain coupling zJ' is reduced by a factor (1 -x), at least for impurity concentrations x (& 1. Therefore this equation should be modified to The three-dimensional-ordering temperature was obt'ained from heat-capacity measurements on single crystals of about 0.2 g, and was identified by the maximum of the X anomaly. The error in TN due to uncertainties in the calibration of the thermometer and the "rounding" of the specific-heat anomaly did amount to 10 -40 mK. As the magnitude of the X anomaly drastically decreases with increasing impurity First, we will discuss the results on impurity-doped DMMC. The data are presented in Fig. 4 . The theoretical reduction of T~predicted by Hone et.al. , 9 which is represented by a dashed-dotted line, is about 40% smaller than the reduction following from the experimental data on DMMC:Cd if we use an intrachain interaction J/k = -5.8 K. This In Fig. 4 The results on CMC:Cu are also plotted in Fig. 4 .
Both the theoretical predictions for the isotropic and the anisotropic case yield a reduction of Tt/ which is larger than that shown by the experimental data. The effect of anisotropy is not very pronounced, as might have been anticipated (Fig. 1) from the rather high value of the reduced three-dimensional ordering temperature of CMC (T& =0.093) compared to DMMC ( T& =0.036). The calculated reduction of T&(x) for the anisotropic case is somewhat smaller than that for the isotropic case, which seems rather unphysicalT his small discrepancy may result from the fact that the theory outlined above is only strictly valid for x 0, but may also be attributed to the approximative nature of Eq. (1). Inspection of Fig. 4 shows that in CMC:Cu the host-impurity interaction is not negligible. Since in CMC the anisotropy has only a minor effect, JtH was estimated from the theory out- Next, we will consider the effect of an applied magnetic field H. It is obvious, that the presence of impurities reduces the intrachain correlations. On the other hand, it has been found that these correlations are enhanced by an applied magnetic field. " "" As the theory presented in Sec. II is in
